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citmiii] *^*&fi±icy-h&siiig£rt-L-c»$ 

fi£ £ ft KB® Sy- hmiSlcffl^-r^iJi 

$»a,t?v— x- KL^r^fintA^fiK^H-sa^ss 

^^^ff2f&fligNcxt°S*vv;UJ&gli£*rL. 

o) v'Ja>®^14±lz«fiESti-5m-0)^#S)!)mi2 h 
^>vX$,!:. 

x tr s * v -v )u&&m<D # i^t** wmm® £ * l . 

(100) v'j3>®*t4£M£E£->'j3>a:£tt_tlc 

jt^ti^y- hasstt*.. lay- hmEiicfifcf-f 

§S<h£^£^v*;ujf*f£^ifSa>SEffl?*< (10 0) ->u 
Si* 

8I<t^t--S) ; ? i -v^JU^}?E»J9E<Daag|lA< (1 oo) v'J 

tf JUjaftB^-ra (10 0) ->'J3>®^14 
-hcDm-(D^lU<b:. x br^+vA'JUfiJcfillcDfcl^ (1 O 
O) v l j3>®^ti: < !:M^-Sv , j3>S73ti±(DlB-<D 

V-X • KU-f^lcit^+vt^ftl^L, 
A^. y'JW KH 3i6lM;i:£JSffiSg|f tg-f & V-X 



• KM >IUiSro*®gi5A< (10 0) v«j3>®^14± 

L. fro. v'J-y--f Kll35.g>lMi£JSIB*8lf ,t£-tSV 
-X ■ KU-OfiHStDSsaiW (10 0) v'Ja^iJ 

m 12 h ^ > v x * t & mm l tz z 1 1: 1 1 * m& 

$tt^V-X- KUf^fiJlS Affile *tiS^«)Si2 
V-X • KU-T >H^cDv'J-*J--f Kg fc-SlMi^JSIBI* 

n«t^-r-5S®gPA<. xe^^rv'A'^fiEgii^*-r-s 

(lOO) v'Ja>®7Jte-ta>m-(D!Ili8<!:. xtf9* 
vV^UJiESIlWSl.^ (100) v'J 3>W%&.tmtji& 

SI h7>vX$£mtgL/=Ci:£!ft8l!<!:-r -5¥SH*g 

Mo 

[»*iB6] tiata doo) v'j znsmjj\iLtm : t£Z> 

v 'J a >®;51£A<. (110). (111). (11 
3). (115). (211). (311). (51 
1). (811). (101). (011) (Dl^-ftlfr 

v fc-s z t «4$tt t -r i nm. 5 icia©©*!!!* 

3>T-fi|j$*^§c^^4$Sl«!:-r-5H^l . 3. 4* 

im 8] fH5xt°^^rV-v;Ufi)t*ei4. £I^V'J 

<t-rS!»*JSl . 3. 4^fcl4 5|cfSiE(D#«<*^Mo 
[if3R^9] fII3m-(DmSSbmi h7>vXii t» 

sssss h^^vJx^-^&i.ct^^a.t-rsm^ii 

1. 2*f-l44lctBiEcD^«{*^Mo 

[«*iiio] HUtem-roa^sih^^vx^i: 
fHB«-<73a^*n-7>vX'S' iii. 35®a^cDa 

^JSbSS h7>vx^-efc^z,t:^^8l!i:t--5.»m]l 

1. 2*fcl*4lrf2tgcD#35t*:SMo 

[M^« 1 1 ] #IfB*-fc<ki;m-(DSSaSI h7 
>vx^li (IOO) v'jn>®75e:(DOx/M-jf$j$$ 

ti.. Birteis-ajm^as h^>vx^i*. (100) 

A<. IS (100) v'J 3>S^fiia4l)y'J 3>®7^ 

[9^12] ^fS*-fcJ:u:«-oa^SS h7 

>vX^li (100) v'J a^STjIiirM^-Sv'J 3> 
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>V*$I*. (100) v'J=l>®^1i^Sai$1+, * 

Ti-^Mffimmomwwo)?— t-&mmtm?z>&M 

A<. f& (100) V'j3>ffi^1iJl|C»$($^tL-5Ct^ 

ft&t-f £i»*jii . 2^fci44icie®(7)^<*^So 

0 0) v'Jn>®^fe±lz«|fi)c*ti.^m-(DmSS)!lSS 
i3ttf>SE8fl*< (100) v'JzOSTjIiiM^^v'Jn 

* </3V- h£ltKa>tttt:M!ttt&*HJ*J: l J t»L>c: <t 
t*5ct^«i:tl»»jR«l 3 l::eita>¥«f*3 



1 3 lzG*ai|£*{*£B. 
[flf*ili8] ¥*{*SS±lcy— ha*M*LT 

haasa*.. ay- hmfiiicis*t-r-& 

y— Hfca«£»-*-<5T**;u&j*a«(DaB»j&< (i 

i-^^iti, y^h&an£a-*-«7**jujgjfta 

aa>£aa*< (100) vya>S7j1i<!:Mft-i>->y =i 
fc**au 

rofc&StllS <t liSft -S & L < liJift &aj£fr £ ft 6 £ 



1Kre***JUIM*a«i:tt-r5BH<DB»Ri cro!g = 
CD*fe$iR <t li M& & «sK £ L- < liSft -SMfilcfr t> ft 
eacoaBKJ:a>BBR.!: 

ffinstt=0!)i6ttna)i»boiiiff8>Ri*«<. fjsasS-co 
aanoBitRaaaanaj: y tai*c t saat* 

&¥af*RB. 

[»#B1 9] fflBB=G>aaHii. B8teR&U#fi 

RJSA<2. 5 nmJSlT-C*«Ci:*1*flfti:-*-«»*3m 
[i»*JS2 0] giJiBSHOTUfcSiRli. IIA<2. 5n 

mmt<2. 0nmJiiTT?a54ct^4$fSi:-r-s«t^iii 
s dieao^attRB. 

[R*B2 2] ttlBBHQBaRI*. KBft<2. On 
m&TT'fc-5C<t£4#8![i:-r-5t»*ifl 1 8 Izfe8ca>*i£ 



[n*a 2 3 ] mm-<Di&mmt$&zfmzmiw<Dfo 
ri*. a&<&*at L<i*jift&ftEj£fr€>ft&=aa 

ISLtcDBanoRBR^ LTirtS*i6^i$««if 
[SIM2 4] HfrtH (10 0) v'j3>IW*!5: 

5vya>a*<iA<. (iio). (ill). (11 

3), (115). (211). (311). (51 
1). (811). (101). (O 1 1 ) (Df-filfr 

*a«:aa. 

[BaOtMBfttt?)] 
[O O O 1 ] 

-r-stca-e. ai=. attii • mnmmtxDLs i da 

rge Scale Integrated circ 
u i t) ft^'ICjB^ibft&CMOS (Comp I eme 
ntary Metal Oxide Semicon 
d u c t o r ) (C|lU-f -5„ 
[0 0 0 2] 

H (v'J ZJ ZxXbf^v-VJl/JjK&li) $SltTh7>v 

K. Noda, T. Uchida, T. Tatsum 
i, T. Aoyama. K. Nakaj ima, H. M 
iyamoto, T. Hashimoto, and 
I. Sasaki. "0. 1 U m d e I t a dope 
d MOSFET using post low — e 
nergy implanting selectiv 
e epitaxy, "in Symp. VLSI T 
ech. Dig. , pp. 19 — 20, 1994. (# 
%~SlM [ 1 ] ) . T. Ohguro. H. Na 
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ruse. H. Sugaya. S. Nakamura, 
N. Sugiyama, E. Morifuj i, H. K 
imij i m a , T. Yoshitomi, T. Mor 
imoto, H. S. Momose. Y. Katsum 
a t a , and H. Iwai, "Silicon e 
pitaxy and its applicatio 
nto RFIC's, "Electrochemic 
al societyproceeding vol. 
99-18, pp. 123-141, 1999. (#^ 

xm [2] ) #ga) o 

[0O0 3] Z<om&<0 h7>vX^lt 
<. «ttMOSFET-CPDlHt*Sy— hatt«3sa>« 

S. Momose, T. Ohguro, E. Mor i f 
uj i, H. Sugaya, S. Nakamura, 
T. Yoshitomi, H. Kimijima, T. 
Mor imoto, F. Matsuoka, Y. Kat 
sumata, H. Ishiuchi, and H. I 
wai, "Improvement of direc 
t — tunnel ing gate leakage 
current in ultra— thingate 
oxide CMOS with T i N gate 
electrode using non — dope 
d selective epitaxial Si 
channel technique", in IED 
M Tech. Dig. pp. 819 — 822, Dec 
ember, 1 9 9 9. [ 3 ] ) #fiB) 0 

[0004] EI2 2I*. St*0)CMOSJCll:, ±.fBL 

[0005] Rlia (a) i:*tJ:5l:, ilftco 

(10 0) mJ5&(D v U =i >SS 1 0 1 (Daffiffll::*^ 

1ft. P-£Wxn,«tt) 103 a, 103b£Sj£-r 
£o fit, *<DM*WH 10 3a, 103 b(DS®± 
IC1 2nm<Dmm<D*st)=l^m&Mitm (HSLtl^j: 

f-tfXc. P M O S f t ^i^fiSiiAlillt 1 O 4 a J: 

i/NMosftwasi5A*«i 04 b^nig-r 

o 

[0006] «l*T* ±IB5/'Ja>«tt»bB*««IL 
fctt. ±E5/'Ja>Ml 0 ia«K*IUDaaifeX£IR 
*^£fctf)C7)flJ«&g<b: Lt, 9 4 0 fl CT*(D^ l Jt-f-f 

[0 0 0 7] JjjfclvC. «l±affl«a (Reduced 
Pressure Chemical Vapor D 
eposition (RP-CVD) ) }£{Z& V % tzt 
8 0 0°C<DSJ£-C. S i 2 H4 C I 2 *fX£ffll* 
T. ±fB P M O S f V ^;U^F MftliAf 8 1 0 4 a ± fc 



•f*u y'J =i >xtf5r^rv^;u^£SB 1 0 5 a, 10 5 

bja3 0nm(?)JI$t'^|5)ct4 o ^(D^D-fe Xlc «fc 

[0 0 0 8] ^-(0^. (b) Ictf-T^^I^. JF&ib 

hiii106a, 106bS»fltt4o fctilf, 8 

o o°co)5JS-e, 6o»|fflii^Sftty- h&lbflUI 

ZfTOt* 5 nmJ»(D»bBI*»a-C#«. ZCDJFBMb 
Wa<0«*O>y— hfcHBM 0 6a, 106b^ 

[0009] «or. ±IB»b«±l-7K«J i/'Ja>iS 

2 50 nm«««a)BIWICj:yJtW*1*fc«fc. H^ttx 

■rsy— hmfii 107a, 107b z^ti'efrmtfL-f 

[OOI 0] $ftl*T. J»£<D^tt1*«£3|ALfc«* fc 
<t*_l£, S*RHft*T?* 1 0 0 0°C(7);gj£T% 2 0& 
Pel. MUffoT, ±15^— hl«1 0 7 a, 10 7 
b+(D^tt*B(DSttft. El/lC. 7M4Cl«A1fll«1 0 4 

a, i o 4 b^anasiz-i-tL^tiati^v— x ■ kw> 

St1 08a, 108bSMt5o 

[0 0 1 1 ] iltf)^ *f— hfflJSffil 0 9a, 10 9b 
fccfcl/ggL^V— X • KU*f 10 a, 110bf 

-WUJ&SJf 10 5a, 105b ^^^^;u$picW^^p 
MOSh^>vX$ (PiMOSFET) fci:l/NMO 
Sh7>vX$ (NiMOSFET) & 0 

[ooi 2] fit, HflicDtttBlCcfey. _t|E<f-h 

8107a, 10 7 b±fccfcl/±IHV— X • KU-f > 
JfEllOa, 1 1 0 b^SSfflilC^tl^tlvU-tr^ Kg 

[OOI 3 ] 

[*BS3i<»*LJ:5t-r*aiH] tZ.ZT*. NiMOS 

FETIi (100) B*ttJiiz»aLf=«*ictetxr. 

P^MOS F E Tl* (100) lano. ( 1 1 

[0014] eta (ioo) mncoa 

l:toMOSFETJW5Ci:ja^fci:C5, -t 

^•V*M»at(DMOS FETli. SgU*(7)f6]±^a^^ 

(10O) I^fil^MOSFET 
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[001 5] (111) B^te-tic^v^u/y 

- KtSI^I^StSMOS FETIi, y— Hft»|« 

(ioo) ffiSMSLtic^-v^u/y— f-$fe^BS^-S?W 

■T-5MOS FETICit^s h7>vX$J£Hi*It£A<l^ 
£ CD tfcoT (,•>*:„ HJ&l::. 5 nmlOy- h$6iSiBS^ 
ttSMOS FETlOig. (10 0) lSfi±fl)MO 
S F E TlCbt.^, (111) I^fitOM O S F E T li 
^®3Sft&Jt*<2. 2fg|Ctti*aL. L^lMitS 

h7>X3>^9 >X. ma5iBKl^<D 

[O O 1 6] ^-CC, C©HB^Ii s (ioo)jan©® 

^±IC^Itt>tl-5MOS F ET£Hl$itf fc<fci;y— K 
[0 0 1 7] 

mnmmntf (ioo) v'j3>®^i4t^Jtf«.->'j3 
t z Mm l fc c ^ £ i$gt t -r . 

[OO 1 8] C0)SIISCD*2&i*^MI*. 

>m&tftimzti& , m%-®)g:m k^ >vx* 

y— hJfeSSflgt^-S^vt-^fiE^HSro^®^ d 

oo) '>>j3>mi5i<L±\zmf$.£*i]bm-o>'mm-®)mw. 

*< (1 OO) v''Ja>®^14tS^-5v'J 3>®^te± 

-(n^^^-^mvayoyr-ouzit^^ y— \-&mm 



[0 0 19] C©SIB^roi|iji<*^l*. ^F^t*S 

«±i=y- \~&mmz-ftLTtim$ti&7- 

HS£J5lcU i£Tv*;Uff*J?£fliiE£&A/-CV— X • KM 

tfcot, y- h^pirs-r-s^v^-^jfjjsfi^roa 

SfflW. itfii+v + JHSSI^tS (IOO) v'J 
(10 0) v'Jn^S^litSJtf^v'Ja^S^ti 
S £ H ffi L It c t £ 4# & £ f -5 o 

[0020] ifcfc. za>fgisroi|i««:^Mii s *2S<*& 
hs^j&l. 8ST**;uflSj£?i«£*A,-ev— x ■ km 

tfcot, V— X • KM >^IJlElcxtf^+v-v;u/?ES 
H£=&U A^ i'Ulf* KHfcaiMifcMEItllift 
-f£>V— X- KM >mWUD&m$fctf (10 0) 

<!:> it^+vt^Mlifl)iti:UV-x- KM>fB* 
£HU A^. v'J-9-f Kgfc^LM*^Si3^i:S-r 
5V- X- KM >Hi£<DSMBPA< (100) v'J^ix 

[002 1] C(D^0)^(*^MI*. 

»y- y-nmzmMTtz^mtt-mteTvi-^mf&m 

>«JilA^j«*^^m^*^ h^vxs^ibta) 

(IOO) ->«J zj>®^G;Ji(Dm-<D$iJ|ti:. 

xt 0 ^^^vv;^fi£ft)l(D!^^L^ (i oo) v'j3>®^ii 

•So 

[0 0 2 2] C©fgB^(DiF#t*:^MI*. 

tR-hlcy- h$6^BI^i>Lr^jj)c*+tSy- hB*S£«tS 
HS^fiKL. ^)Hf$fi£^lU^*A/-CV— X • KM 

ESPA< (1 OO) v'j3>S^14±|cfl5fi)t2+i-§>m-<D 

m^SM h7>vx$ y-K^Kt^-r-s^v 

*>UftJJ5E^Ht(DS§aePA< (10 0) ->'Jn>®?51i<tM 
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[0 0 2 3] C(D3SW<D*jgt*igMI*. *ag<* 

*®Si5A< (100) ->U 3>ffi^14Jilc«|jS**t-5m- 
■V^JUfcJililStgECD&SSlW (100) iy')3>mys\tt 

[o o 2 4] zomwn^&if&Wiz^tut* no 
y . * * ts -> u =i >® -tic as it & # h ^ > vx 

fil«)r Steffi, jgntitt. 

[O O 2 5] 

Co o 2 6] vua^ssro c i o o) ffi^iaji 

/<M/?£ffiJ:y LfrL&rt<f>. 
A<»rfclcf#fc*OBIcJ;ttl*. (10 0) 

[0027] ^11*. v'J 3 >OT/^U<7 (Bu I k-S 
i) <hv'J □>it^#vA'JH5)Efii (Epi-Si) 
©SKD^^^Xi:?. AFMlc«fcyi¥fflLfcJg0>tS£ 

[O 0 2 8] 



a 1 







Ra(nm) 


RMS(nm) 


(100) 




0.11 


0.14 


Bulk-Si 






(111) 




0.11 


0.13 


(100) 




0.08 


0.10 


Epi-Si 






(111) 




0.19 


0.24 



[0 0 2 9] fcf£U Ra it. Si® 

rms (ictifspjsa*) i*. siittfci^b 

* BD * CD (1 ^(D 3tfeJtfit<7) ¥ fcj ffi-e fc £ o 
[0 0 3 0] Xt°^+i>v;Ufi)cftl3j;^v'J =i>«ffia) 

fctLTIi. v'J=i><D (1 0 0) ®^ii^[S]^(7Dxt 0 

$*?/vjujiEfia)iaaEi*<ftoffi*ia*raicjt'<ra< . 

*<D-J5. (Ill) ®^ii^rfi]^(^J$giS*l* (1 o 

[003 1] LTcA^oT. (100) JilHcD. ( 1 1 
1) ®^ii±*if-C(Dy > K-^- y'j3>xt°$*v 

a>4*1&&<* *B^^*x*<it*-*-*c:tic<ky. (1 o 

0) IS6±0MOS FETlCit^r^^b-T^o 
[0032] ^tzs ( 1 O O ) liincDS^JllC. v 'J 

[0 0 3 3] ^(DPa^l*. (111) ®^1i_t(Dh7> 

vx^(ccD^^-r^>t(D-eii^< . (ioo) ®:Sli_t 

(1 1 O) . (113), (11 5) <D&m-f5\tL (tzk 
Atf, C. H. J. Va n den Brekel, 

"Growth rate anisotropy a 
nd morphology of autoepit 
axial silicon films from 
S i C I 4 , " J of Crystal Growt 
h. pp. 259-26 6, 1 97 4. 

[4] #BB) ) ^ % (211), (311), (51 

1) , (8 11), (ioi), (oii)&4fa>H* 

[0 0 3 4] &LT\z % JtEO>HHH*»»-r^<<<j:**Lfc 

[ o o 3 5 ] (mi a)H%»ffi) m 1 1* . *5§0j?(£>m i 



(7) 



2 O 02-359293 



[0036] . ( 1 O 0 ) ®^14CD > U =l 1 
^^iCfcyiJDXU ^<DS®gP(D-$|J|c. (1 O 

o) jsma>a*fc (cct?i*. (iio) £g 

£ii*-t±^o *<D&. 1 a>£ffl«Hc*^-# 

JMM1 2$»«LT, *^«* (N-§20x;U£|JiE, 
P-S^x;HB«) 13 a. 1 3 b JI$tSo C(Di§ 
£\ ±15 (110) m—<D*f&fyzfnz>T<< 

H***"*"*. 3S~CDMO S F E T (PSMOSFET) 
0>»rit»«-efcS % ±I5N-SOxjU^li£l 3 a CD*® 
»lC»flt*ti« < fe5lC-rS (JU-t. RBI (a) #Rg) o 

[0 0 3 7] $5l>T. ±E*^«*1 3 a. 13b CD 16 
ffi±lC1 2nm<D8SJl<DvU=J>«ittB$1bBa (0^LT 
l*ftl*) *«fi£Lfc«. ^**JU»£LTBrMO)L#l* 

**H?*U ±EN-SJ^x;u««l 3 afc^l/P-M^ 
xjufitt 1 3 blz^A-TSo 

[0 0 3 8] Stl^T. ±13 v U =i >a*4BtibfllO-ffl5S 

C tic J: y % JiEN-ffi^xn^ttU 3aW 

**/<-*i»B2 1 ic£oT*£?rr<5o *- 

(DM O S F E T (NiMOSFET) (D«fiEfl«'efcS 

±EP-S!'5xju««i 3b^<, _ttEN-3S^x;u 
«4tl 3alca>*K ±E2/Ua>*ttIWbW*»#*tt 

4 (ia±. nn (b) #rpj . 

[0 0 3 9] Stive* JilBv'Ja>Sffil 1CDa®S5(D 

»ffl»**»*-r*fc«)a>ffir«aat it, 9 4o°c-ccd 

[0 0 4 0] SllvC. XESttBttfll (Reduced 
Pressure Chemical Vapor D 
eposition (RP-CVD) ) ;£|CJ; y % fc<k 
aJi* 8 0 0°C(D;gj£T:\ S i 2 H4 C I 2 #*£JSl* 
T\ JiIBN^MOS F E T(D^*;uSP££:<5k -tfBP 
-I^x^MStm 3 b<D±SB6±lca>^ m— <D^$E*3 

(tefi&B) 1 5 £#*J3 O nm(DJ?£ VMJ8,Tt Z> (1U 

±. RIB (c) #M) o CCD^P-fexiCcfcU. 3E#lc® 
Ntt£7MftcDaft4gB£to. (100) mJj&JtCDN 

iMOS FET<&^**;U»6<*ffl**l«. 
[0 04 1] CCD&. ±EN-S^XiU««1 3 a£& 

[0042] -KDflfc. ^^^iraSfc (RTO) ;£lCcfc 

y. y-h^bfliasfTor. ±EN-a^xiHiJgn 

3 a fccfcl^EP-ffl^xjmiHi 3blc. -ftt-Pti. 

Rfr^cDji* (D^— hiatus 16a. 16b s»«-r«. 

tc<t*_li. RTO&ICfcU, 8OO°C0);gST\ 1 OB> 
IBtl^5*ifcy— h»b«M*ff3i:. 1. 5nml 

a>»b«*»rt-e** D zoRToasftftiM^tt^ba 
£ffli*4£* 3S«3&ffi*j3cfcl/«F»l*a«-r«c:ticj: 

oT\ BraO)J»Sa)y— h*6*IIBl 6 a, 1 6b*<2SH 



[O 0 4 3] SIlvC. ±fB^f — hSfcStlHl 6 a, 16b 
JlIctKV v U a 2 5 0 n m^lSSCOSIJllCcfc y It 

«*ttx^><f|c«fcy/<*-c::/$fL 
iEN-HOxMMM 3 afc<fci;±fBP-520x 

mmm 3bic. -tti^ti. Brao>y-nis*-r«y 

[OO 4 4] ttivc. Hr36a)^«!HBaSSIALfc*. T 

tt«sa>tttkfej:i;stt<b<Dfcftic % fct^ii. S3t»H 

1 ooo°ca>a*ic<ky % 20 twin is if. &m 

IJfiot, ±EP-S^x;u»«1 3b0)ftffi»icai 
ivy— x ■ KM>»*18$iB*t4. 

[0045] ±u¥— hSfii 7 b©y- hfty 

Sffil 9. fc«fctf % -tESftl*V— X • KU<f >flMl 8 
cfcy t3Klvy— X • KL/^>||Ji2 0a, 2 0b5ftl 

■e*i»j*-r*. cituc^y. ±e»>'j 

JUjsfciBi 5 *Tv*;uftJlc*-T4 (100) ®;£1£_t 

CDNMOS h7>vX^ (NiMOSFET) . fc<£ 
tf. ±Ev'J=3i>Xhf^+v-v;UfiEfiHl 5jfV*JI/ 
apicflLfclV ±EN-S!'>x;Hli«i 3 a^&Wf 

v*jufflJ£fli*.* (100) tm<D. (110) 

!(DPMOSh7>vX^ (PiMOSFET) 

H€tt^lS*1±4 (KLt* BIB (d) #KR) o 

[00 4 6] t ur, ja»<ottfBiCcfcy % JLfB^-hm 

«1 7 a. 17 b -tfccfct/JlfBV — X ■ KL"f>flM2 

Oa, 2 o b0)*ffi»lc-tix-€ ? *ivy-9--f KB (B*L 
Tl^l^) *»JiELT#«afflCD«*SSi'lb*Bofc«. 

hSU^^LT. 4ME«<Pifta)ttSl3&<(T*3*i 

o 

[0047] c©«fc5ft, xt°^ + vv;uT-v^;ufltit 

£ t^CtCcfcot, (IOO) ®Sfi±OMOSFE 

TO)Wtts*&icrti±*-^s»^ictei\rt,. 

I*. S*dr*35:ffl*e±icj3it*. (100) ancoffl 

*ia±ic»fiEs*LSMos f e T<D5pj^isa^a ct<c 

[00 4 8] *3USff$©lcfci>ri*. (10 0) ffi^ffi 

±|CN^MOSFET(D^V^JlSl5^. (IOO) J^lH 
CD®^1i±.lC PlMOS FET(Df V ♦il^ttS* ^tL^ 
*l»J*"r«»^(D«!llcoivcBlBBLfc« -(D«^. NS 
MOS F E TfcJ:l/PiMOS F E T t t,icfi»<f tf 

U^f^A^^tt^tirtlc. iSII^tt. ^o, «y-* 

[0 0 4 9] 3itz % (100) P^ii-tfc^i/ ( 1 o 
o) H*i4tJ|J5:Sffi*i4±.lcRICW«Sa>MOSFE 

os FET*-t*i-e*i»jiK-r*a'&. fc^LNi*. is^cd 

®^1i_tlC PiMO S F E T * *tl?*l1&J$.-t 
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£o -CDif^li. (10 0) ®^1i±CDMOS F E T CD 

JfcD&lV (100) ffi*i££*&SH*<aJt(DMOS 
F E T t it L # iMKDMfc 5 R| USJ«S!a)M O S F E T 

[0 0 5 0] («2 0)*Jfi»») 0 2 1*. *5l0^CDm2 
0>^lifi^|cAN^*CMOSa>Si®^5£lc-DLNr«tBSM 

CO. 1 1 ( 1 O 0) J2ltta>* fc«k;Lli (110) 

B*fiO)**l^aiCcfcya«U *©(110) I* 
a $ Rft < ± r 0) 11 US I c » L r v »; =i > e £ * > -v ; U 

[005 1] *-r\ (100) s^lico > 'J =1 >S« 1 

ffl*Q0>&fl!u fc<t*l^>y =i>lt;S14x 
^^yic^yjjaxL. -ta>SB*a)— (i o 

o) lanco. (iio) ®[^assai*-t±^o ^a>&. 

t\ *^-«« (N-SOx;ufi^ ? p-H}^x;MSii&) 

13 a, 13 b£®£-f ^CDif^. ±fS (110) 

mosfet ( p 3Um o s f e t ) a)^-v*;u»flt!i« 

ti^aic-r^ (ia±. fqb (a) #n) . 

[0 0 5 2] $Sl^T. -tlBjU^HIi* 1 3 a, 13 b 
S±|C1 2 nmOHlO)*>U3>tttit1bK (B^LT 

-ttl-^tu -hfSN-^xn^tiU 3 afc<fctfP-3^ 
x;u^i|S i 3 blzagAf^o 
[0 0 5 3] ttivc. JiievU=i>«ttKibKcD-ffli* 

(1 1 O) ®^±<7)T^^;u^l3c^J|£^^t;^J|E^^ 
OSFET (NiMOSFET) <D1&tii?MiT* fc£ ±12 

P-ffi^xjufittl 3 b <t. JifBN -SWx;m« 1 3 

a±(D. ±fB (10 0) H*e±tSI»<. ±ffi (1 1 

0) B*tt±lca>*. ±IBS/U3>W£»4bBI*»#S 

« (sii. mm (b) #r) o 

[0 0 5 4] jftl^T. -tfEv'J =>>Sl£l 1<DS®gfl<D 

»BK**p»*-rs/=to<o«r«aat lt. 9 4o°c-ccd 

[0055] J*l*T. »Efi«i{l« (Reduced 
Pressure Chemical Vapor D 
eposition (RP-CVD) ) }£\Z& y „ fc <t 
*-l£. 8 O 0°C<D;gS~C. S i 2 H4 C I 2 #X*fHl* 



±tsp-s!^x;u3iiin 3b(D±anm, ± 

IB (10 0) B*tt.Llc. »-a>^Ftt«l^p-7T-f iU* 

5£lfo3 0 nmO)IJtMt« (W±. ( c ) # 

RS) o CCD^D-tzXIz^: y. IMKlcfttttt^ttttO&a 
SjIB^tO. (100) S^lii^NSMOSFETO) 

[0 0 5 6] Z<D'&. ±|B (1 1 0) ffi^&±^ffiSt- 

(i/'Ja>ittlMb«) 2 1 SBit 

[0 0 5 7] -t<D«. (RTO) fticj: 

Y— h»ibffl«£tToT* ±IBN-a-5x;u«*l 
3 afccfet/itBP-SOxvUIJgei 3 blC. -ttl-PtL. 
Rfr£<DJ5£<D>r— hffeltlRl 6 a, 16bSllStS 0 
RTO&lC^y. 8 0 0°C(D;SJ£T. 1 OtJ? 

mti^&ftvv-bmtmm&'not. i. 5nmg 

oT. mM<DM.2<DV— htMSIKl 6 a, 1 6bA<H3EB 

[0 0 5 8] *j£l*T. -LIBY— h$&^BI1 6a. 16b 
JlIctKM > U a 2 5 0 n mJlfSSOBiJllCcfc y it 

WS-frfcft. R*1tx^^>>f|cj:y/^— z>^L 
r. ±IBN-12^x;HgiiU 3 afccfci;±fBP-SOJ: 

- hm^II 7 a, 17b Zfimf&o 
[0 0 5 9] mi^X* Br^0)3Ftttt«*i»ALfc«. ^ 
*6^0^»fc«fci;5S^ba)fctf)lc. fcir^li. a*H!SI 

m*r% 1 ooo^cosjtic^y. 2 0#mis£, 

i?ftot, jifBP-^ox^iij i 3b<D&mmzm 

[0 0 6 0] CCO^. ±ffiy— h 1«1 7 bCDy— hfflij 

1»19, fccbt;. -tlB»L^y— x ■ Ku-f >fiH8i 8 

cfcy tSilL^V— X • KU-T >««2 0 a, 2 0bSftl 
?*iW*$L-tZ>o Cttlc^ y. JlEv'J n>xt^+vt 

^ffiftl 1 5*^^*ju»ics-rs (ioo) S^ii± 

(DNMOSh7>yX5 (NSMOSFET) . fc£ 
I/. ±IBv'J 3>xt°* + yvMfi 1 5£^V*;u 
$R|CWL^L>. JiIBN-SOx;Ufii|El 3 a^&ftft^ 

**juS5 (ioo) ianco. (iio) 

±(0PMOSh7>yX5 ( P 12M OSFET) 

tt^ttftfil*** (W-t. MB (d) #HR) q 

[0061] fir, fli»<DttfBiCcky. -biay-hm 

fill 7 a. 17 b±fcJ:l/±fBV-~X • K U-Y 2 
Oa, 2 O bCD^SSBlC^ti^HvU-lt-r (B^L 

ri^t*) *»jatLr#a«fflo)ffi«tn;<b*igofc«. 

^ o 

[006 2] Z(D<fe5l^. (1 1 0) MJ5iiL±(Dfr&ffi> 
<. (IOO) B*ttJtlC**t-P*l$/y 3>xt°$*y 
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[0 0 6 3] ZOmS. V — X • Kb-<>ia20a, 
2 0 blcfcivct* (10 0) ffi^tt_t<7)<^|Cv'J =] > 

'J+f-'f K • v'Ja>H.ffiT?0)7 7*xa)i9**< % (1 1 
o) ®^1i±lc^-v^;uai^^-r^)MOS FETCDV — 

[0 O 6 4] tjltSs V — X • KU-< >®1S2 O a. 2 0 

E&zi h (^BfitftB) -yUn^I-eO) 

7 (110) ®;5tt_tlcT-v*;i,gB£ 

ttl)MOSFET(DV-X' KU-f>$Iti&2 O a Clfc 

i*rtti*is*u v-x ■ KU^>g^'J-^m?lit<7)ii*D 

[006 5] H3 (a) - (d) {ZTK-t & 5 \Z x 

>f— hm^iwa, *\7b(DmtfL'ik^ doo) 

(D. tzt7L\i (111) S^iiL-tCDV— X • FU>f>1S 
a2 O a-|£*'*-*S*ill§2 1 -CWoZtlZ&iJ^ (1 
OO) ®Sli±0)||-a)MOSFET{DV-X • K Lx^f 

>aS2 0b, (111) ©^li-tlcT^^JU 

SStoHZCDMOS F E TlCfclf^, V — X • KU-f > 
MS2 0a-i, 2 0a-2^ (1 OO) 
BttJLT:i*<6«a2 O a-2JilC. glRWlC v "J zi >x t° 

Ku-r>«it) 0 

[0066] El4fcJ:^ia5 (a-1) ~ (a 

-4) , (b-1) ~ (b-4) l±« vU3>»S1 1 

0)*®gl5ic. doo) ®;&1ix<t. tftjy. 

nco. fciriiii (i i o) MiiteY t&tiizm&z 

it. ^(D (1 10) mJ5i£Y &t&<±T<Dmmz$il,T 

tz^^m\Z^-tt(DX^^ a S4li-> , J=I>S 
«1 1<D»«H-e*y. @5 (a-1)~(a-4)l± 

^tt^ft doo) ®;£texicoiNT(Dgft®E]-efcLj . 

HI 5 (b-1 ) - (b-4) (1 10) ®* 

[0 0 6 7] *-T. (10 0) ®^1i(0vU=l>Stel 

o) ®^iix. fccfctf. (i oo) lanco. (1 1 O) 

cfc^ic. d oo) ^^lixfccfci/ d 1 o) ffi^teY 
l*i:tic->ijzi>stei il:Jtlt90° oftJt£j£ 

(1 OO) ®^14X<t (1 1 O) ®^tiYP 0 Tli4 5 
° 13 5°) (0ftSlc/j:^> o 

[0 0 6 8] Z(D'&. tztTLiimS (a-1) . (b- 



1) ic^f cfc au. ±iBv , ja>a«i ico^^aiic^ 

«. P-SOxjU^|4g£) 13a, 1 3bSi$t^ 0 C 

£>i§^ ±fE doo) mXtiLXi*. m-O^m^zfu 

77-<;Ujtt^, m-CDMOSFET (NiMOSF 

ET) (DT^t^Uff^Har-fc^. ±fEP-S20x;MS 
ai 3 bCDSSSPlc^fiJcStt^cfc^lct- «>o ±15 

(iio) ffi^liYii. ft—to^fflto-Ju-? t 4 ;u£*r 

-?%>^ SZ0MOSFET (PIMOSFET) (Df V 
*iH&*f«tft6, -tlBN-12^x;U$iai 3aC0S 

[O O 6 9] $gl*T\ JlfEflHHSai 3 a, 13 b CDS 
ffi±IZ1 2 nmO)SIB<DvUa>«ttK<bK (HtfLT 

■t+t-ett. ±IEN-S^x;u$iai 3 a fccfctf P-3U0 
x;u$iai 3 blc^A"^^o 

[0070] $&l*T. tc<t^li05 (a-2) , (b- 

2) ic^-f ±ffivUa>«ttBMbl«(&-»£*] 

m^i>zt\z^i)^ ±.tzN-mo*)\smmi 3 a£>. 
(110) mxikY ±oT**)UMmmm : £'£t;i&M& 
*^—%mm2. 1 iCcfcoTi$s-r*o -tie 

(1 1 o) S;£teYJLira)<?K ±fEv'J 3 >m&Mfcm 

[OO 7 1 ] .m^r. _tfEvU=i>Sffil 1 (DSSSBO) 

«B»**i»*-r*fca6(0iifr«iat lt\ 9 4o°c-e<£> 

[007 2] «ivc % 05 (a-3) , (b-3) \Z7jk 
"^"cfc 51-. MIE^ffiitfB (Reduced Press 
ure Chemical Vapor Deposi 
t i on (RP-CVD) ) m\Z&l) % tzt7L\£. 8 0 
0°C(D;SJSr. S i 2 H4 C I 2 *f*£fflt*T* < 
<h ttffiNSMOS FETCD^V^^Uglich:^^. ±IEP 

-mo^^mmi 3 b^^^jz^-^c;, ±ie (1 o 

o) s^lixJiic; m-O^F^^p^T-f 

vU3>xt°**vv;uj&Slf (15MI) 15J 

^3 O nm(DJ?£T?ff2Err£o CO^D-bXlCcfc y % ^ 

tticaittJs^ttttoajK^iBsto. (100) ffi^a 

X±CDNl2MOS F E TCD^-V^JUeii^l|IS*n^o 
[0 0 7 3] -tfE (1 1 0) m75&Y ±£&m. 

?&ij't-mm% (vu=3>«ttBt^bBg) 2 1 

[0 0 7 4] ^-0)^. M.&^>?mt& (RTO) JSICJ: 

L J. y— hB£lb«i3£fTo-t\ ±fEN-SOx;u^i 

3 afc^l/JifEP-^^XjU^iJlgl 3blC. -f-tl-rtl. 

rjjj£<Dmz<nf- httusni 6 a, 16b *w*$l*z>o 

tztZ-\£. RTO;4lC<£tK 8 0 0°CCOSS*e. 1 0» v 
Mtl^d^-ey— h»ibffllJI£fT5 <t. 1. 5nmS 
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or. mnomzo)?— hmmmi 6 a, i eb&mm 

[0 0 7 5] ffil^T. -tlB^— hSfiftlgl 6 a, 16b 
±\Z#*) v'J =J>I1S£ 2 5 O nmJlfiSCDBSJllC^LJift 

T. ±IBN-l!Ox;U»i* 1 3 a fc<fcl/±IBP-12^X 

-hiSl 7a, 17b5M«o 

[0 0 7 6] **J£7f^0)ii^ (100) ®^1iX± 
0)MOSFET(Dy-hfg1 7 a JScfctf (110)® 
Y _t(DM O S F E T (Df — h ^4sl 1 7 b IcHD t 

tic. (ioo) ®;£te<7)vU =i>S«i kdS&mic 

>tLt, y— hft^fS]^<9 0° ^^-T$Sfl2(7)MOS FE 
TfltifttfeoTL^o *<Dtctb % ?— hm<Sl7a, 1 

7 bcoj^^iBi-^p-tzxiCcfc or pjeg-cfey. ctyx 

*U fro. «MB1blCtoTt,»ilT?ft*o 
[007 7] m^X. me (a-4) . ( b ~ 4 ) (Ctf 

ooo°c(dssicj:lj. 2o»ngif, mmmzfj-o 

r. ±IBN-£!'5XJU««1 3 aCDS^S&fc^tfiilBP 

-S'Ji^l 3bfl)M»i:, V— X • KU>r>« 

HE2 0a, 2 0bJftlfWn o Zttldcfcy. -t 
IBvU 3>XL°£^v^UJ&fiJt 1 S^^VtOUSPlC* 
(100) ®^1iX_t(7)N§2MOS FET. fc£ 

tf. ±lBvUa>xt 0 S^vv;uj£gli1 5$ftU 

*BI-*LttLV JLlBN-S^xn^JgM 3 afrP>tj;Z>T 

v*juffli£fl|a.£ (ioo) (1 1 O) 

Y±(DPSMOSFET$, ^tt^tt^Sl+So 

[0078] fit, n»oDtt«u:«fcy. ±Ky— k« 

«1 7 a. 17 b -tfccfcl/ilEV — X ■ KU-r>«HJ2 
Oa. 2 0 b(D*®$i5(Cf tt^tLV 1 J KM (H*L 

Ti*fti*) *»*Lr*«a»o)«««i<b*Blofc*. 

[0 0 7 9] (10 0) B£tt0>~>'J 3>S«1 

i £m*fc*$icoi*rittWLfc#. c+iicpg^-r. 

(1 10) ffi*14(DvUa>»S*fflt^^t*^# 
-So ^&:b*>. (110) ®^1icov'j=i>Steco^s 
SPlc % vU=i>M^1tx^T>y^^lcJ:LJ (100) 

©^lixfccfci; (i i o) ®;£teY£gaj£-t!\ 

[0 0 8 0] **«»»|zfel\Ttt. l*r*L0>»*** 
(100) S^liJilCNSMOS F E T<D^*JUgfl 
(10 0) ^(7)®;5te±lCPiyMOS FET(Df 

^*;ugfl£. ^tL J E ? tl^fiE■r'^>^^coff^lcol^rl^^0^t 

fco C(Di§-&. NSMOSFETfc^l/PSMOSFE 



[008 1] £fc. (100) ffi^ttJlfccfctf ( 1 0 

o) mi5iSLtmte&mi5liL±izfflcmmwi<DMOs F E 

OSFETSftlfft»«tS»4, *SlM** n£4> 
®^14_tlCP^MO S F E T * -ttft *L»fiE-r«»^) 

icfci^ri. ftfflitt* fro. ftu-^«ss 

r. y-fX«ttOfiff&MOSFETi:t5CtA<-e# 
£ 0 (IOO) ®^1i±C7)MOS FET0) 

■ (DfcriV (10 0) ffi^fit*^f*ffi*iaJia)MOS 
F E T <!:l*L^t^fitCDM^*|WlC*mSCDMO S F E T 

[0 0 8 2] («3(D3ISfi»SI) 0 61*. **M0)1B3 
0)*!fi»!lllZ^SCMOS<D«Jft*aiCOl\T«HSW 

(7). '>&< (ioo) isma>* fc<h:;Ll£ (111) 

ffi^ii±|cP§2MOS F E T 5 IC Lfci§£* 

[ 0 O 8 3 ] ^"T . ( 1 o o ) ®^1iCD V U =1 >S« 1 

U (ioo)nmax (1 1 i ) ®;&tt£Sai£i* 

*o ^-(0^. v'j3>s«i 1 co&mmzmi-imw* 

1 2S»ULt, IR^a* (N-§y^x;u^l|S, P-i2 

Ox;U^i|£) 13a, 13b?i£t5 0 ZCDif^ ±. 

IB ( i i i ) ffi#tei*. m-co^^tifei^p^T^ ;u^^ 

-T*. Ig-CDMOSFET (PIMOSFET) C0ff2j£ 

-tfBN-SOx;U^gl|J1 3a(D*®a5|Cff^ 
f$.£tlZ>&?{ZTr& (J^±. Plia (a) #RB) 0 
[0 O 8 4] . ±IE*?-a«1 3 a, 13b(OS 

2nma>DtW0)*>U3>1itt»<bB (@^Lt 

"ttL-^+t. ±IBN~SOx;u$|J|Ei 3afcJ:^P-520 
x;u^JUH 3 blc^A-T^o 

[0 0 8 5] fcivc. ±Ei/'Ja>«tt»<bBI(D-»* 
•M-TftCtlC^y. ±IBN-H^XiU«*1 3 a (* 
fcl*. JlfBN-S^XiU^Jrtl 3 aO). '>ft<tt (1 
1 1) ffi*tt±) <D»**/<— I6HBI2 1 lCj:or«a[ 
t^o ^"^+5*>. $-(/)MOSFET (NlMOSFE 

T) cD»rt«lgrt?fe*±IEP-H^xiHiJgli 3b^l^ 
<. ±SBN-SOx;u«JgE i 3 a (*fcli. ±IEN-S 

^x;U$|J|E 1 3 a JiO). ±fB (10 0) ®^14±^P^ 

<. -tIB (ill) mXiiL) ±\z<Dfr % Jl|Bv»Jzi>« 

tt»ib«s»#*ii:* (ia± % nn (b) #ni) . 

[0 0 8 6] 8fcivc. ±fBv'J=i>Sffi1 l(D^Mai(D 
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[0087] ffil^T. fiLKmmm (Reduced 
Pressure Chemical Vapor D 
eposition (RP-CVD) ) I) % tzt 

8 0 0°C(DSJST*. S i 2 H4 C I 2 

iiBP-s^x^missi 3 bco. ±ib doo) m 

>Xt^+vt;H$SI (HMD 15?j?)30n m 

(»i±. raia (c) #R8) o zcd^d 
(ioo) ®^i_t<DNi2Mos f e to^v^uSW 

[0 0 8 8] Ctf>&. ttJltB (111) 

±*tt»r**/*-*M§BI (S/ya>4MMMbK> 21 

[0 0 8 9] *-CD&, Sa^>^*DSfi (RTO) 

V— hB£1b*QJl£fTo-C. ±IBN-SOx;u^i 
3afcJ;i;±ISP-IOxjH|Jit1 3blC. -tti^tU 
Br^cDHLSFOy— httSftlKl 6 a, 1 6b£ff£J&-r<5 0 
*=4:*_li. RTO&lcJ;y* 8 0 O°CC0Sg-ri. 108? 

Mi:l*5*fM?Y— hMiti&m&fTOt, 1. 5nmJ| 

0)i§ibBS * ^ £ 0 ^RTOSfc *> iM**F&4b£ 

ot, P/rll(DJl*(D^r— hSffe»SSl 6 a, 1 6b;6<HlJt 

[0 O 9 0] SIl^T* -tfB^— httfilKl 6 a, 16b 
Jt|C#U v U 3 >flS^ 2 5 0 n mmm&Ommz J: y it 

T\ ±IBN-12't7X>U^1 3 afc^l/JlfBP-SOx 

3bic -tti-etx. F^SKoy— hg£*rr<&y 

~ hmfill 7 a, 17 bJMtSo 

[009 1] tSl*T* BfrSO)^tt!|ft«*SIALfc«. ^ 

^*T% i o o o^^iSJSicj: y % 208?fai5t\ &m 

[0 0 9 2] ±tay— hBfigl 7 b(D^- hfflO 

MfflM 9, Js£l/, ±ffi»l*V — X • KU-f 8 
ct: L Jt^V-X- Kl/>f>SJS2 0a, 20b$fH 

^HmfiL-tZo ZftlCcfcU. JifBvy zi>xtf£*v* 
;uf£SJIi 5^^v^;uS5lc^-r* (ioo) ®^1i± 

(DNMOS h7>vX5 (NlMOSFET) . 

SfWC^L&lV -tlEN-S^xMMM 3a*bftSf 
^*>USS£fift;L£ (10 0) JiincD. (Ill) WJjti. 
i0PMOSh7>vX5 (PiMOSFET) * 
*i-f*i*li£aFi*S (J*Lt. HH (d) #HR) o 
[0 0 9 3] fir, JB»a>tt«5l-«ky. -tIB<r— hm 



fill 7 a, 17 b jLfc<fctf±!E7 — X • KU-f >«|JU2 
Oa, 2 O bCDSHSMc^ft^llvytM' Kg (EItkL 

[0094] ^<D£o\Z^ (1 00) ®^li±fccfci; 
(10 0) &LftO)* (111) ®^1iJllCMO S F E T 

[0 0 9 5] *3Hfc»B*l-»i*Tl4. (ioo) ffi;£<i 

±|CNlMOSFET0f t^JUSiiJ, (100) 
a)®^tL-tlCPi2MOS FETCDT-Vt^USB?. -^tl^ 

MOS FETfc^l/PlMOS FETdrt Ic j§l£F£:^ kf 
[O O 9 6] (10 0) mJ5\iL±ir$&tf ( 1 O 

o) my5ittm^^my5\n.±\zf5\cmmm(DhAos fe 

OSFET$ftlftl»at4«^ SS^CO 
ffi^tt-tlZ PIMOSFET £**L-e*UF2l£-r 

icfcl^rt. Wflllc. S5fi«1t. fro. ffi'J— ^«3l 

■C. y ^X^tttDStfJSMOS FETdrt^Zt^Tft 
£ D ZOif^li. ( 1 O O) E^liLhCDMOS F ET0 
* V * JU»(D^lC«a*(D V U =1 >X V -V JUJ&S 

m&itm-f scticj: y. v«j =i>xt°$^>-wuj&s 

eco^civ (IOO) ®SfitI?S:l)®^e±0MOS 

f e t t it L^i^omte &mcmw.m(DhA os fet 

[ O O 9 7 ] (14 CDHJEff^^) HI 7 14. *^0^COm 4 

o) m?5$Lt. ^-ttianco. t-^^if tno) M^ii 

t^/uX. MOSFET^f V^USfJifi)ctl)^9 

[0098] mi% (a) IZTF-TctaiC. (1 O 

O) ffiSGKDv'J a^Sffil KD^SSS^. J^ftJCDtt 
fctitlivy a>M^ttx^^>yic<fcytt]XL. 
■t(D-§p^ic, doo) (1 1 o) 

^mUliSl 2£J&j£LT. h^l/vX^CD^A'*^^ 

fcy<D«3iH»***tt*fctf>lc. T-V^;K§^fS]CDK 
®lC^Dl^TI4. JifB (1 OO) ®^14ICAD^.T. JifB 
(110) ®^1iA<Sai*n>5o 

[0 0 9 9] tti*T\ lEv'JavSSi 1 CD^®±IC 



(12) 



4$PI2 O 02-359293 



1 2 nm<DKJS<Dvy 3>*te»<blK (@^LTL>^ 
S^P>£. PSMOS FETCDlg^lCliatm^. "ttl 

^*USA^fSo 

[0 1 00] $Sl*T. ilBi/'Ja^tt^bDKD-aBS 
O) H*fiLt<B*£*/*-fc««2 1 lCj;oTl«?I"r 

So -r#*>*>* ±ie (i oo) ffi»ii±si»<. Jii2 

(110) B*tt±|cO)*K ±IE5/'j3>»ttM<bBI* 
[O 1 O 1 ] ffil^X. ±1B5/U3>»«1 1 (D*®g|5(D 

»8M*si»*-r*fc«)a)fjfflai:Lr. 9 4o°c-eo 

[01 02] «ivc. ( b ) ic^-Tcfc a \z % *i±« 

ffiiftfS (Reduced Pressure Chem 
ical Vapor Deposition (RP- 

CVD) ) nicety. tztPLit. 8 0 O°C0)aj|t\ S 
i 2 H4 C I 2 #X£SH^T. ±IH ( 1 O O) mJ5it± 

lc. v'J =i>xt 0 S*vv;uj£:g|f (1£;8J£fi) 15* 

$63 O nm(DlI*T?»rtt5o 

[o i o 3] zcD'&. ±te (i i o) m^^^wat-t 

So 

[0104] *a>« % raia (c) ic^-f -51c. aa^ 

>^*o!Si (rto) aic^y. y— UMbdoasfro 

l£. RTO^lCcfciJ, 8 O 0°C(D;gS-C. 1 0»P B 1iL^ 
5§kftT*V— HHMb«M*fT3 4:. 1. 5nmJV0)ift4b 
B!£»Jifc-C?#«o ^0>RTO&*SlM*j(F»lbS££ffll* 
S£. «0<i:l*j3J:tfllitlRt4Cfc|cJ:ot, 

[0105] ttt^r. ±tsy— hi^H eJiic/KUv 
i/SitibcDfcftiz. fcfcju*. a**fflft**e. i oo 

O°C0);fiJSlcJ:y % 2 0»Hll$t\ S»5aS*fr5 0 
[0 10 7] JlIBvU n:/xbf**v*;uj3c 

fiei 5**rrs d oo) ssfiiajvu^^ fc 
-tievy 3>xe**v-wuj£fiiii ss«u 

I* (1 1 O) E^fiJKDvU a>ffi* % -ttt'Ptt^^* 
JUSH£ Itf^SMOS FETtf^J&£*l,S 0 

[0108] fit, nfla>ttwicj:y % ±fsy-hm 

ttl 7 _tfcckt/-LfBV— X • KM (D*® SUlc-f 
«»a>«««Mb£HofcBL 3^^h«^lt, $ 



[0 10 9] ^(D^aiC. (10 0) ffi^filCiJDjU 

(1 1 o) ffi^iiJtOvU =i >®£?!)< h7>v^5K0f 

nfcy- htgcfc y t v*iu«*/s < -rs z <t *><Bjtg-e 
&s 0 LfcMor. <fcy*i*aift**#*c taster 

fey. aaMbiciSLfcWitt&So 

[0 1 1 O] ±IBL^m40^JS^Slc^^-5M 

OS FETICfclNTIi. (110) ®^14±C0vya> 
mtt^AjT*. h^>vXS(D^V*JU^£tejrrScfc 
dlCLfctf. fc £ 8 (a) ~ 

(c) icjF-f £51::. ^^MI^ft^lfiSlcfc^T: 
(111) S^14±0)vU =i 

pJB&rfcSo 

[Ol 1 1] tL<li. tztz-itms (a) ~ (c) IC 

^■T£5lc. TV*;u«*fRia)IJrHlca3t>T. (10 

0) janic (i i o) ®^li±(Dvy =3>®t (i i 

1) i*tt±fl)->'j3>Bift^ «Sft(D doo) j^m 

[o i i 2] ££>lc|£ % gn oiCTF-Tcfcdlc. ^**JU 

*B*|pia)BTffilCj3LxT. (100) fc<tx.l£ 

dio) s^ii^^covu =l>®a)^>^p^*#^r% 

[0 113] *Htfi»ffilCj3l*TI*. 
MOS FET^tSZt^JSo 

[oi 1 4] {msommxm) mi n*. 

5 CDHJS^ftllC^^^ CMOS (D«jt*a(COl^T«IIIS 

(DBTffilcfct^T. v'J =i>Sffi-t<D. '>ft<tt (10 
o) ffi^lit. ^-tiia^cT). fcir^li (1 1 o) m?5iiL 

t^/oX*. MOS F E T(D^V^;U$P*fltj3tt"Sckd 

[0115] ^-r. i^jig! (a) ic^-r^^ic ( 1 0 
o) ®^iico->u=i>stei i (Dssai*. ji^KDft 

■ecD-gB»lc % (10 0) Kino>. (110) ®^14* 
Sai£l±So -(7)^. v'J=i>Sffi1 lcoa®Sli(cm^ 

■v^;uft^r^(7)»T!SicfcL^Tii. ±fB (i oo) 

±fg (110) S^ft^^A/T*. h^VvX^OD 

^^^iuaj^jf^-rsfc^ovy □>iw^ti4o 

[0 116] ffil^T. ±fevU =l>Sffil 1 0>S®±IC 
1 2 nmO)iI©yU 3>«MtK1blS (E^:Lrt>^: 
10 S»l3tLfc«. N12MOS FETOii^lZli^^^ 



(13) 



2002 — 359293 



^,^0>^ v PH>MOSFET<Di§^lCl£8tS£. -ttl 

[0 117] !&l^T. ±f5v<J zi>«ttS§1bflI(D-gn^ 
*]J*f*Ci:l=,fcy, ±fSv'J a>S*S1 1(0. (11 
0) ®*1i±ro^-^*/<-$6^«g2 1 l:J:otffiIt 
•S. -fft*?*.. -hie (1 OO) Si;£&JL£l&<. .tie 
(110) S^il-W^-. -tffivU ^:✓^8!ttB£'lbBI£ 
[01 18] ffi^T. ±12 v 'J a >S1fi i i roSJgfflScD 
»SK*^^-r-5fcft03^r5aa<!: LT. 9 4 0°CT?» 

[01 1 9 ] Ki^, I^E ( b ) l-^-Td; 5 lc v MES 

ffllftW (Red uced Pressure Ch em 
ical Vapor Deposition (RP- 

CVD) ) aiCcfcy. tzt7L\t. 8OO°C0;SJtt\ S 
i 2 H4 C I 2 #X£ffllNT. ±IB (10 0) ®^ii± 

ic. v'Ja>xt°^ + v^;uj5E^g (1S5BJSB) 1 5* 

[pi2o] ±te (i i o) ®^ii±^?fis-r 

(i>U a>*teBMbW 2 1 tl»tt 

[0121] *<d*. rib (c) ic7F-r<fcaic. aa^ 

>^fiO& (RTO) aiCcfey. >f— h»lb«WI£fTO 

r. HrSa>»S<Dy— hlft*Bli 6«t5 B fc<k* 
If, RTO&lCjiU* 8 O 0°CCD;MiSr% 1 o fd^fH i: u % 
o&ftW— hMitmm&frot. 1. 5nmJKDKib 
K*»iac'r?#«o CCD R T 0)£fc£lM*4F6git;$£ffll^ 
Sir. »tt3SaftfcJ:^l«*a«?-r-&^tlcJ:oT. 

[0 12 2] mi^X. ±lEy-Klfe»Kl 6±|C7KU v 

un>Bi^ 2 50 nmj»a*a>nij»icj:y«i«*i*fc 

[0 12 3] jjSl^T. Bf360)3ptt«Ba*i»AUfc*. T 

l 0 0 0°CCD;gSlCci: y . 2 0»M(Sif. 
[0 12 4] It, ±Ei/'j3>iW*i/tii« 

SHI 5JSt4 (1 OO) ffi^liJKDv'J =l>®. fc 

IM110) UfiiflJv'J fft^ftT-v* 
^USPi: Ltf^liMOS F ET^SJtl^o 

[0125] fit, jgfttD&t&iCcfcy. ±iay-h* 

fill 7_tfc e *;tf-tfEV— X • KU-T >^Ht2 OCDSSSl 
(c^-ti^tivy+f-'Y KJf (ia^LTl>^l^) SMLt 
*««»0)«tttalb*Hofc*. =J>^<7hffl5^^L 
T. **E«<j:iri:«)»«A<fT+3tL*. 

[0 1 2 6] CO^^IC. (10 0) S^ttlCjjD*.. 
(110) BStt±(Dv'J =i>ffit# h7>vX^Of 



[0 1 27] fcfc. ±IHLfrm5CD*]SS^ftllC^^^M 
OS F E TlCjol^TIi, (110) ®^fi±Ov'j3> 

?\ZLtztf. ^tlizm^T. tzt?Lltm 1 2 (a) - 
(c) T^*;Uft*rRKDBfHlCj3l^T 
I*. (Ill) ®^1i±CDv'J zi>®^^A,T^ 

[01 28] 4, t < I*. fc t *_I£I3 13 ( a ) - ( c ) 
ICTFfcfcaic. ^v*;ufi*lRl(DBrffllci3l^TI*. (1 
1 0) ®^1iJi(Di>U =i>®<h (111) 
y =i>®&^CD«&CDvy =i>®£^A^ h7>vX 

£<D^**M/tt (^v^;u«b) *«jjc-rsct t^jHg 

"CfoSo 

[0 12 9] £ £>|C|3\ 0 1 4lZ7F-rj:5lC. ^V*JU 

ft^ftcDBftBicfci^Ti*. (ioo) luttax fc£*J£ 
(i i o) ®^te±co^SftcDvy =i>®^^A.-e. 

[o 1 30] *mmmm\ztsi^xit. ivrtto)**** 

MOS FETirt^^.h^t^io 

[0131] £fc\ JbiBL/cUl ~fg5CD&||tS»2s£lc 

fcl*Ttt\ (10 0) ^fl)®MS (110) ^fcli 

(111) t Lfc«dlcoi\rSttBBLfc)b<. -tiCipg^ 

-r. (ioo) s ^ej: y t i> y =i xDiss&jtcDiSi* 

C£j&<fll&j|XTl*«u fc<b:^lf (1 1 3) V (1 1 
5) . fcSlM*. (211), (311), (51 

1 ) . (811). (011), (101), (01 

-So 

[0132] i^-rtKDmmmm<om^t. c 1 o 
o) ®^i4covya>ss c>x/\) *a>*ffi 
auic (ioo) uma>ffl*i4**iawiz»«t-r-&j:3 

icLfctf. fc<t*_lf. (1 OO) Uin(7)Di^14cDvy n 

t?*>. (ioo ^n<D®^ii(Dvy 3>s*5icfciNr 

I*. ^^1tx^^>^&^l^l*^b^J:^^>^/ e ^i:^c c fc 
or (10 0) ®;£te£gai£l*fc&. ^(Dm&mcD h 

[0 13 3] v'J^^x^+v^^SiW 

(UHV-CVD) mt$:g\z&<oX*,Ml$LV£Z>o 
lei*. teffl-T S i 2 H4 C I 2 I^PB^-f. S i 

2 H6 . S i HC I4 . S i H4 UtiV. ^+lb<bH2 

So 



(14) 



2002-359293 



[oi 3 4] &mMKmx'&. vy^xt?** 

'> * lls&L&m 1 5?3 0 nmCDflUSt LfcA<. 0. 2n 

m^iS(D^l^A^^>3a*li^§^i^^. .tyjmiMa-e fetus. 

[0 1 3 5] ±iSLf=«1 ~«5(D=&|ll5Sff$SU 

a > t f ) U "7 ^ -? A t G> ;I If T* ft fiE * *i £> H £ ffl 0 * T 
[0 13 6] (m 6 0>HSfiffi5fg) (100) IS 

-T-5MOS FETffly- H^IS (B— roy— 

AS) <kLTIi. ( 1 O 0) WJ5ML±.[z=f- h 

n»isi£tti)Mos FET©y- t-a&mm m— 
o>v—htmw> *y t»<^i«-r sawa* lis, & 

I". (Ill) ®^1i±lCfgfiE^tl-5MOS FETlcfc 

i*TI*. BHtBB8l»§SIKJ*-e 2 . 5nmH 

©*> , Ja>««fc»-r*lft«Bia>BI»*2. 5nmJUT 



[0 1 3 7] ZCf. I2l 1 5 £#SHUT. $M(0$6 
OHJfi^ffilC*^^). MOSFETlcfclt^y-h$fci 
flgroilSJllcm^Ta&BJi-f IhIHI (a) li^USS 

[0 1 3 8] Ell 5 (a) l-fcl^T, httttlR (« 

-roy-hffe^Bg) 1 6aU. mjS7>^*n 

Sft (RTO) j£lc<fc&>r— r-fi^bftmi-^oT. '>£< 
<!: t v 'J 3 >S1S 1 10(111) (N-^x;u 

i«13a) ±|C. 2. 5 nmJiTFCDH^^LTJfcfiS; 
[0 13 9] ±iiELfcJ:3l-. fcirxli. RTOj£l::£ 

y. 8 o otmiss-p. 1 owsti^o&vtX'f— hi? 

temmzfi^t. '&m-tz>&2iZ7ii-t&o\z. i. 5n 

mJl<DiS1bfiI (Pure oxide) fi<Mf$.T* £3 „ 

RTO;££ffll^3«!:. JigjfcS&fc <fcl*B# 
Rf|£ig#?-f -SCtlCcfco-C. ( 1 1 1 ) a^te-tl:: 2 . 
5 nrr\)H.T<bfJiM.(Dm£<D?— hififeSillg 1 6 a^SSt 

[0 14 0] 
[*2] 



31 2 







(100) 
av. (ran) a (%) 


(111) 
av. (nm) ff {%) 


Pure oxide 


700^C r 02lO%, 2a 


1.29 0.90 


1.16 0.86 


800^,0250% , Is 


1.36 0*98 


1.32 O.fiS 


RTO 800 Q C,O 2 100% f 10b 


1.54 0.83 


1.47 0.72 


800^,02100%, 30b 


1.81 0.86 


1.74 0.81 


800°C,O 2 100%,l20s 


2.14 0.83 


2.03 0.72 


Furnace 850°C,O2 


2.98 0-57 


3.63 1.06 


Oxynitride 


RTO( 800°C / O 2 50%, Is ) + 
Furnace ( 8 5 0°C , MOl 0 % , 3 Om ) 


2.22 0.38 


2.14 0.38 



[0141] HI 5(b) lcfcl>T. h$6^BSl 6 

LT«ifiE*tLrt^^o ca>»*. -tiEv'J=i>i§ltfiiii 

6a-ll4. ±.ii£Lfc«fc5l^ M7>« (RTO) 

S*£l 1 CD (1 1 1 ) ta^li (N-^XJU^JSl 3 a) 
±\Z S 2. 5 nmJaT<Df?££^LT^J&2*L&o f L 
T\ ^<Dv'J=l>B£ibfIg1 6 a-1-tl-^ A I 2 O3 fci: 
fr&tt««R*ttIlt1 6 a-2/»<WB3F*lT. Y- h*6S 
11 6 al*»fiK**LTL^S. 

[0 14 2] Z<D<fc?|C % y- hlfttiKa)KVA<nff$ 
*ttc, (lOO)JanCD. ( 1 1 1 ) M^te-t^MOS 

h7>V^ (MOSFET) |Cfc^TI4. *f— h$&j 



1 6 a £0>^®<7);gte#^£&#^£^ 

[O 1 4 3] Hi 614. 8^(>^^Ji/\t:Wz^Jl/\ 

BWcj3it*iwbBia)BiJ»(Dtf&-3*icoL^r. ( 1 0 

O) ffi^lii: (111) S^liir^JtlgLrTF-rtcDT? 

[01 44] c<Dmfrz>i>*jiz>fru&5\z H Mitmnm 

!Tox^2. 0-2. 5 nm#ifi?^l:Lt, ^tl«fc 

y t»l^$iri4 (10 0) ffi*(ao>*A<«ttl4*<. 
*ti*y t»Lxi§^|cl4 (111) ffl*flt(D*A<«ill4 

<^<^^o (111) ©^liicfci^r. KibBSO) 

It^li^o^cr (Tox) I4ffil±"r*-i:*<»^*. 



(15) 



4$H2 002-359293 



[0 1 4 5] Hi 7 14. NiMOS FET(Dh7>X=l 
>y/7^r >XGmfc<fctfL#lMimi±V t h 0). ^X/\ 
®WICfcl+ftl4£o££. (100) ®^1i(D8-<>^ 
Oxy\JiCD h7>vX5 t (1 1 1) ®^14(08^>^ 

[0 14 6] z<DmfrhbWh>frte&5\z^ mtm<om 

!Tox^2. 0-2. 5 nmftifi^lCLt, 
y*i»^»*lcl4 (10 0) ®^14CD^^14I4^<. 
**i*y*3*i*»fiicl4 (111) H^ttcDSrtfttteli 
ck<3tf*o ftlc, (ill) ®^1icD8-Y >^Ox/\|c 

fcl*T. »lbK<DK«*<2. 5 nmktT(7>*§^. HlMg 
^ (5nm) Icjt^. h^>^X*14ffi<Btf£>o£l4te 

[O 1 4 7] HI 814. 8-f >^X/\£«|C % (1 1 
1) ®^ iilOM OS*V/\ 9 V^(/)TDD Bf fift? , 

(1 OO) ®^fe±(DMOS^r^/\^>^<hit^LT^-r 
t(Dtfe§o £fc\ l*]0 (a) I40x/\®f*j-c0l4£o 
HH (b) !4igibfliOBgJ?«#tt£. 

[O 1 4 8] SHbBgtf>BgJlT o x #2. 0-2. 5nm 
*fcy (1 1 1) ®^fi±0MOS+-V/^ 

^>^(DTDDBli«t4(4. W-*ita)»b«fta*«Ltc 

i§£\ (100) ffiSCt±0)MOS^-v/<i/$HcU:^<tt 

mz [fiiji-f ft z t *<»3&x ft o 

[O 1 4 9] [HjflMc. (111) ffi^liJlCD h7>vX 
SMCfc^T*. K4bK0>IRW£2. OnrnteTFtLfc* 
*y*«MtCDh5>$?X***3lT?S<&. 
[0150] 119 (a) -(c) 14. (100) 
1i_tlCffl*>f— hMitm 1 6 b ^tSMOS F E T 

(Ill) ®^1i-tlC»tN^- hBHbBl 16a^ 

[0 1 5 1] Z(Di§^. (10 0) iMt (111) 

®^1i<hcDras^{cfcixr. J: ysttngr. fro* Sliffi 
[o 1 5 2] (ioo) WJjiiLte&it (111) 

Jl(0&<f- h&iblK 16a, 1 6 b 14. -feCDmtJLm 

\z& y tti^tipnmommiztzzxt: o \znm*tz> & a ic 

LTt^L^L, £7cl4. ±150)^2^02 0 (a) , 
(b) \Z7f:i-&5\Z. fc£^2. 2 n miaTCDBIJKDli 

^lcl4. StcomtaWz^^x. (IOO) 
«ky tWi^HMbM* (111) 
£-<h£Bjtfc-efcft 0 

[ O 1 5 3] BMZ* |20 (a) It (100). 

(iii) n*tt±iz»rt**i*vU3>»biafl)M<b 

aft£tt1bKW£0)Hft£a*L* 020 (b) 14. (1 
oo) . (iii) ®£1i±lcff2E£2;h,fti>u n^atlb 
K0)tt1bIRJ*a>lt (BI-lMbjM*a>»*) £tkLTI* 

ft o 

[0154] 021 (a)-(d)lt 8BK16-1. 



1 6-2**e>£:*y— h*£3§BI1 6^t^)MOSFET 

£. ^-ti^ix. doo), (iii) ffi»i4±lc»ja 

*T * cfc a L £ 01 ic jr-T £ <D V & £ o 

[01 55] co*§£. ±iay-nfe»Bii 6i4. tzt 

*_I4. vUn>i^bBgl 6-i±l-iS^m<*BSl 6-2£« 

[0 1 5 6] 01 5 (a) fee*: 1/0 1 9ICtfL/c 

MOS F ETlCfcl^T. h&StBSl Gat LTI4. 

KlbMc«£*3h,**a>TI*«:i\, ~>y=i> 

Sibflg. -> »J a >»b»<b« (Oxyn i t r i d 
e) . fcftlM4. ftlb0»iSStfcott^<, SMb 
Bg«l®#mBSJ5-rr 2 . 5nmkLT. »£L<I42. On 

[oi 57] S/'j3>a<bBia)»fti4. vya>!HbiK 
chicly. ^-oaSAqt^H^o 

[01 58] 5/»J=i>a<b»<bBlcD»*l*. B£teBS±:S 

#>. 2. 5nmfr£>5. O n m#. -tft^WSXaiSl^ 

acfc±BBi«t«:y. wsmmmtemiz&ctcmm 
^Tom^\z % »MM#bti« 0 -r^+p^. vy 

=i >B1bK1bn0tbBV«£SiONtt« f6^fli*toamfc 

[0 1 5 9] 

^ Si0N= (1-x) £Si02+ * £Si3N4 - (D 

::t\ xi4. v 1 ; 3>Mib^bK4»cDS i ONicsrr 
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